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ARAHAN KEPADA CALON : 
Sila pastkm bahawa kertas soalan ini mengandungi SEMBXLANt9~ mukasurat dan 
LAPAN81 soalan yang bercetak s m t a  SATU(1) halaman lampirm sebelum axlda m e m u l h  
peperiksaan. 
Sila jawab LEVW5) soalan sahaja. 
1. Appfication ranges for hydraulic turbines and various types of turbine runners. 
11 m ~ a m t ]  
Peringatan : 
1, SiTa pastikan bahawa ar ih  telah menulis an& g i h  dengan betul. 
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S1. [a] Sezakan antara garis arus dan garis sama upaya. TunjuWn bahawa 
kedua-dua garisan adalah normal antara satu sama lain. 
Distinguish between streamlines and equipotential lines. Show that they are 
normal to each orher. 
(30 markah) 
[b] Bezakan antara aliran berputar dan aliran tak berputar. 
Distinguish between rotational and irrotational flows. 
(20 markah) 
[c] Satu selkder berdiameter 0.5m berputar pada 600 ppm di dalarn arus 
seragam y h g  berkelajuan 15 m/s secara berserenjang kepada paksi 
, iaitu d ialah diameter dan z dN sehder  ( aItiran b e n W  unggul ). U@ = -
60 
N ialah p p n  
(i) Tunjukkan lokasi tit&-titik pegun. 
(if) Kirakan halaju berputar minima supaya titik pegun terpisah. 
A right circular cylinder of 0.5 m diameter rotates at 600 rev/min in a uniform 
streum with a veloei@ of 15 d s  perpendicular to the cylinder axis (ideal fluid 
, where d is the diameter and N is in redmin. jT dN flow). U@ =- 
60 
(i) Locate the stagtation points. 
fii) Calculate the minimum rotational speed for detached stagnation point. 
S2. {a] isezorhan di antara persamaan gerakan Euler, Navier-Stokes dan 
Reynolds. 
Distinguish between Eulers, Navier-Stokes and Reynolds equations of motion. 
(20 markah) 
[11] Bemutla dengan persamaan gerakan Navier-Stokes, terbitkan ungkapan 
bagi profd halajta bagi aliran Couette mantap antara dua plat selari 
dengan lebar infipliti dan sela kelebaran ‘a’. Plat bawah dalam keadaan 
pegan dan plat di atas bergerak dengan halaju rnalar U. 
Starting with Navier-Stokes equation of motion, derive an expression for 
velocity profile for steady Couette flow between two infinitely wide parallel 
plates with a gap width ‘a ’. The bottom plate is stationary and the top plate is 
moving with a constant velocity U. 
(40 rnarkah) 
. . .3/- 
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[c] Udma mengalir antara pbt-plat sdrri seperti yang ditunjukkan d a r n  
Rajah $21~1. Kirakan kecerunan tekanan supaya 
Air flows between parallel plates m shown in Fig.Q2[c]. Find the pressure 
padient such that 
(i) 
(ii) theJow rate is zero. 
the shear stress at the upper sedvface is zero, and 
Rajah S2Ic) 
Figure QZc/ 
S3. [a] TuaHsksm pemamasn lapisan sempadan Prandtl bagi aliran mantap 
bendallr df atas plat rata tak telus isoterma mengufuk 
Write down the Prandtl’s boundary layer equations for steady flow of a fluid 
over a horizontal impervious isothemd flat plate. 
(10 markah) 
[b] Dengan rnenggunakan persamaan hmiran momentum von-Karnnan dan 
prom halaju 
U Y  -- -- 
U, s ’  
& Warn lapisan smpadan plat rats$ tenmkan nxngkapan bsgi pembahan 
ketebalan lapisan sempadan dengan pmjang plate x. 
Using the von-Kamzan momentum integral equation and the velocity p r o f e  
U Y  -=- 
U, 6 ’  
in the faat plate boundary layer, determine an qression for the variation of 
boundary layer thickness with plate length x. 
. . .41- 
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[c] Udara atmasfenr pads 20°C mengdir dengsn haiaju seragsm U,PO d s  
di sepanjang plat rata 2 rm panjang 4 m lebar. IUrakan ketebah 
maksima l a p h  sempadan dan daya seret pada sebehh Qengarn 
mengandsW 
Anggagkaa v&r = I.~XIO-~ m2/s; pair = 1.22 k@m3 
rw (lapisan semgadan lamina) = 0.332 p U, jz, - dan 
V 6 (lapisan sernpadan gelora) = 0.38~(-)"~ urn x 
Atmospheric air at 20 "Cflows with uniform velocity U ,  of I0 d s  along a 2 
m long, 4 m wide flat plate. Calculate the maximum boundary layer thicrbzess 
and the drag force on one side assuming 
(4 laminarflow 
(ii) turbulent flow, 
5 2  Assume, Vair = 3.5~Ig m 1'8; p& = 1.22 k9/m3 
I 
Z, (laminar bandmy layer) = 0 . 3 3 2 ~  U, , and 
6 (laminar boundary layer) = 5/:, and 
V 8 (turbulent boundmy layer) = O.38x(-)O2 
U ,  x 
(SO markah) 
Distinguish betweePl compressible flows and incompressible Jaws ~ 6 t h  
reference to continuity equation. 
(20 marhlh) 
. . .5/- 
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fb] Terbitkm hubungan di antara nomboe Mach, perubahan halaju dan 
perubabara luas bagi dram sama enkopi bendalir boleh mampat di dalam 
sdalnr dengan keratan rentas bembah, Apakah implfkasi hubungan ini 
bagi dran subbunyi dan superbuyi ? 
Derive a relationship which connects the Much number, velocity variation and 
area variation for isentropicjlow of a compressibie$uid in a duct of variable 
cross section. What are the implications of this relationship for subsonic and 
supersonic jlow ? 
(40 markah) 
[c] Satu tiub pitot yang iligunrrkaaa bagi mengukur telkanan p e w  
rnenunjukkan bacaan tol~lk t e b a n  4 Brpa pada muneung permukazm 
knderaan yang bergerak dl dalara a b m  pada 15OC. Kirakan hdaju 
kenderaan dengan mengandaih 
(i) &ran sama entropi. 
(ii) altiran tak boleh mampat. 
Andaikan kAr = 1.4; tekanan atrnsshra = 101 kPa; ketumpatan udarra 
pada IS oc = 1.22 wm3.  
A pitot tube used to measure the stagnation pressure indicates a gauge 
pressure of 4 kPa at the nose of a mcrjace vehicle traveling in the medium 
ofair at 15 "C. Calculate its speed assuming 
(i) isenti-opicJow 
(ii) in compressible flow. 
Assume kair = 1.4; atmospheric pressure = 101 kPa; density of air at 15 "C = 
(40 markah) 
1.22 kg/d 
S5. [a] Termgkan fenornena pemisahan lapism sempadan. T u n ~ u ~ ~  kaedah- 
keadah bagi mengawal pemisahan hpisaio sempadan. 
Eq?lain the phenomenon of boundary layer separation. indicate the methods 
to control boundapy luyer sepamtion.. 
(28 msrhh) 
[bl Apakah dua andaian yang dibuat di ddarn menerbitkan persarnaan 
lapisan sempadan. 
What are the two assumptions made in deriving the boundary layer equations. 
(20 markah) 
[c] Bezakan antara jasa tubir darn jasad ganis arus. 
Distinguish between a bluflbody and a streamlined body. 
(20 mlaskab) 
. . .5/- 
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[a] Terangkan s w r a  ringkas pembumbungan vortek. 
Briefly explain v o r t a  shedding I 
(2Q mark&) 
Dq7n.e mixing length and indicate how this is used in the solution of turbulent 
JOW. 
(20 maskah) 
$6. [a] Terangkm feaomena pesonggaan di dalam mesh turbo. Bagahnanakah 
huIu sedutan positif bersh dihkrifkan merarjak kepada pam turbo ? 
Explain the phenomenon of cavitation in a turbomachine, How is the net 




Hu€u yang mjud, diameter, kuasa dan Hulu sedutan p~sitif bersih 
yang diperlukan. 
Lengkuk sebenar hulu buangm dan kuasa buangan, 
It is desired to deliver water at a rate of 1.25 m3/s and Q speed of 750 rev/min 
using an axial-jlow pump whose dimensionless peflormance curves are shown 
in Fig. Q6@]. 
0) 
(ii) 
The avuiluble head, diameter, power, and Net Positive Suction Head 
(NPSHj requirements. 
The QC?UU~ head-discharge and power-discharge curves. 
. . .7l- 
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(60 markah) 
S7. [a] Terbitkan ungkaparn kecekapan dalam benhk faktor hdaju, pekali 
fidaju rnuncung dan S U ~ U ~  pusingan jet bagi roda felton. Berikan empat 
sebab kekurangan kecebpan sebenar bagi turbirn berkenaan. 
Derive an expression of eftciemy in tern of speed factor, nozzle velocity 
coeflcient and the jet turning angle for a Peiton wheel. Give four reasons for 
the reduction in actual eflciency of such a turbine. 
. . .81- 
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Halajm sudut bagi turbin Pelton yang dipasang di loji kuasa hidrolik id& 
500 ppm. ]Ia rnenghasilkan 50 kW dengan haiu 100 m air. Diameter paip 
maslpkan pada dasar muncung tunggal iajlah 200 mm. Keadaan-kezrdaam 
aperasi bagi turbin diberi : 
-a- 
[b] 
P e w  muncung : 0.95 
FaMor haiaju : Q.46 
Kecekapan turbin : 0.85 
(i) kadar alir isipadu. 
(ii) diameter jet. 
(hi diameter roda. 
(iv) tekanan pada paip masukan gads dasar muncnng. 
i%e angular speed of a Pelton turbine installed at a hydraulic power station is 
500 redmin. It develops 150 kW under a head of 100 rn of water. Tke inlet 
pipe diameter at the bare of the single nozzle is 200 mm. The followiag 
operating conditions of the turbine are given: 
Coeficient of nozzle : 0.95 
Speed factor : 0.46 
Eficiency of the turbine : 0.85 
(i) the volumeflow rate 
(ii) 
fiig the wheel diameter7 and 
(iv) 
the diameter of the jet 
the pressure in the inlet pipe at the nozzle base. 
(60 markah) 
$8. [a] Terangkan prinsip kerja bagi tnrbin Francis dengan bantuan l a k a n  
kemas. Lukiskan pelari turbin Francis unggul dengm segitiga halaju 
masakan dan keluaran. 
Explain the working principle of Francis turbine with the help of a neat 
sketch. Draw an idealized Francis turbine runner with its velocity triangles. 
(40 mark&) 
. . .9/- 
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A hydraulic turbine has been installed as shown in Fig Q[bJ where the details 
of elwation (el) of the upper anxi lower reservoirs and surge tank, length (L) 
and diameter (df of the pipes with appropriate fiction coeflcimts a, turbine 
eflciency (qd and the coeficient of valve (KJ are given 
Detemin e: 
(i) the discharge in rn3/s, 
(ii) the power output, 
(iii) the type of turbine, and 
(iv) the approximate turbine speed. 

